Characteristics of the prototype RCA C83036E 52 mm diameter photomultiplier have been measured. The results of the measurements of the gain, dark current, photocathode quantum efficiency, peak output current, electron transit time, and output pulse rise time as a function of voltage between anode and cathode are given. Furthermore, single photoelectron time spread, multiphotoelectron time resolution, pulse-height spectrum and afterpulse time spectrum were measured and are discussed.
INTRODUCT ION
The RCA C83036E 52 mm-diameter photomultiplier is a modified version of the RCA 8575. B3th types have similar electron multiplier structures, consisting of 12 in-l ine electrostatically-focussed copper beryll ium dynodes, the input electron optics and a semitransparent cesium-potassium-antimony photocathode deposited on the entrance window. The structure is contained in a pyrex envelope. The difference between C83036E and 8575 is that C83036E has improved characteristics, particularly with respect to its peak output current capability. The spectral response of the photocathode extends from 300 nm to 650 nm and peaks at 390 nm. Measurements made on three photomultipliers gave an average quantum efficiency of 28 %.
GAIN AND DARK CURRENT MEASUREMENTS
Gain and dark current measurements were made with the system described in Ref. 1 Figure 1 shows the voltage divider for high gain applications while that for high peak currents is shown in Fig. 2 . Figure 3 shows the gain and dark current characteristics of C83036E photomultiplier as a function of voltage applied between the anode and cathode using the high gain voltage divider. With 2000 V applied between the anode and cathode, the gain was 4 .0 x 107, while the dark current was approximately 1.6 x 10-8A. The gain and dark current as a function of voltage between the anode and cathode using the high-peak current divider is given in Fig. 4 Calibrated neutral density filters were used to attenuate the light pulse intensity in steps for the measurements. The light pulses were 2.6 ns wide, with a repetition rate of 60 pulses per second. The results are plotted in Fig. 5 . The peak linear output current was 250 mA and 160 mA for the operating voltage of 2400 V and 2000 V, respectively. The voltage divider for high current applications was used for this measurement.
ELECTRON TRANSIT TIME MEASUREMENT
A description of the measuring system has been published elsewhere by the authors2. An LED light source served to produce the light pulses and the electrical pulses driving the LED were utilized as reference pulses. An adjustable air line was used to bring the LED driving pulse and reference pulse into coincidence on the oscilloscope, thus establishing a zero time reference. The C83036E photomultiplier was then put in place and the delay of the output signal measured.
The electron transit time as a function of anodecathode voltage is plotted in Fig. 6 . At 2250 V of applied voltage, the electron transit time was approximately 30 ns for three tubes measured.
SINGLE PHOTOELECTRON PULSE RESPONSE
The true characteristics of the pulse response of a photomultiplier can best be obtained from single photoelectron pulses. Since dark noise pulses are mostly due to single photoelectrons, they can be used to show the single photoelectron pulse response. However, wh re a higher pulsing frequency is needed, either a low-level dc light source, or a very-short light pulser can be used to produce more single photoelectron pulses. The true pulse response of a photomultiplier can be observed only if the divider socket assembly is properly designed to reliably transmit the output pulse to an oscilloscope or other monitoring device. Improper matching of the output circuit of the photomultiplier may result in reflections which will distort the results of an experiment.
To ensure proper matching in the socket assembly, two 5 nF capacitors, one from each of the last two dynodes were connected to the output coaxial cable shield with the short -t leads possible. By doing this, the last two dynoaes look l ike a ground plane to the fast pulses. This lowers the impedance of the output structure of the photomultiplier, thus achieving a better match to the 50 Ohm external load. The pulse response under this condition is shown in Fig. 7 . The 10-90 % risetime of a single photoelectron pulse was 0018-9499/85/0002-0360$01.00 ©1985 IEEE ABSTRACT found to be 2 ns with 2000 V on high gain voltage divider. Figure 8 shows the pulse risetime as a function of anode-cathode voltage using divider for photomultiplier high current applications.
SINGLE PHOTOELECTRON TIME SPREAD MEASUREMENT
The system described in Ref. 3 was used for the time spread measurement. The light pulses were generated by an avalanche li ght emitting diode and had a width of 200 ps or less, FWHM. The system resolution was in the order of 30 ps, FWHM. 
MIJLTI PHOTOELECTRON TIME RESOLUT ION
Measurement of the multiphotoelectron time resolution was made with a mercury light pulse generator capable of producing thousands of photoelectrons per pulse from the photocathode of the photomultiplier. The number of photoelectrons per pulse was calculated from the output pulse width and amplitude and knowing the gain of the photomultipliers at the operating voltage. Figure 10 shows the plot of the time resolution as a function of the number of photoelectrons per pulse from one to ninety photoelectrons. The 
PULSE-HEIGHT SPECTRUM MEASUREMENT
Pulse-height spectrum was measured by illuminating the full photocathode with a light emitting diode whose light output intensity was controlled by varying the amplitude of the driving pulse. The photomultiplier output pulses were stretched before they were processed by the pulse-height analyzer. The photoelectron peaks were calibrated with a RCA 8850 photomultiplier which could resolve 1, 2, 3 or 4 photoelectron peaks. The pulse height spectrum of the C83036E is shown in Fig. 11 Muon and Neutrino Detection (DUMAND) systems which use a large number of photomultipliers in a three-dimensional array, a significant amount of afterpulsing could introduce serious error in measuring particle trajectories. 7, 8 In general, the afterpulses are produced as a result of the ionization of residual gases, such as He+, Ht, Nt and CO+, in the volume between the photocathode and the first dynode. The positive ions formed are accelerated toward the photocathode by the focusing electric field. On impact these ions liberate up to five secondary electrons from the cathode which produce an afterpulse signal. The afterpulses generally occur from 20 ns to several microseconds after the main pulse. The time of occurrence of the afterpulses can be closely correlated with the atomic mass-to-charge ratio of the residual gas inside the glass envelope and the potential distribution in the vicinity of the cathode. This phenomena was studied systematically by several authors9 who introduced trace amounts of various gases into experimental photomultipliers. Subsequently, in further work1lO-3, the physical origins of afterpulses were investigated, particularly with respect to the afterpulses which result from the diffusion of helium through the photomultiplier glass envelope. Although the helium is present in small concentration in ambient air, it is sufficient so that its atoms, which can permiate readily through the glass envelope and cause afterpulses. Other phenomena may also cause afterpulsing, such as dynode fluorescence, electrical fields over the exposed glass of the envelope, etc. In order to measure this characteristic, a time spectrum must be taken of the anode output pulses. Measurements were made using the photomultiplier high gain voltage divider network suggested by RCA. With 2250 V applied between the anode and cathode, the average gain was approximately 108, while the dark current was 7 x 10-8A.
The system shown in Fig. 12 was used to measure afterpulses. A pulse generator was used to drive a light-emitting diode, type XP 21, which produced light pulses for the photomultiplier. The trigger pulse from the pulse generator was delayed and shaped and then used as a start pulse for a time-to-amplitude converter (TAC) . The output pulse of the photomultiplier was used as the stop pulse for the TAC after being processed by a constant fraction discriminator. In order to count the afterpulses which came immediately after the main photomultiplier pulse, the main output pulse (marked by symbol B in Fig. 12 ) was delayed after the start pulse. The time at which the main photomultiplier pulse occurred was taken as time zero. However, in order to count the afterpulses which occurred significantly later in time and with a very low count rate the trigger pulse from the pulse generator was purposely delayed to come after the photomultiplier main pulse so that an output pulse from the TAC would only occur when the photomultiplier generated an afterpulse. The output of the TAC was then recorded and displayed on a pulse-height analyzer. In order to look for pulses mnany microseconds after the main pulse (the timing range of the TAC being set accordingly) the operating frequency of the test systein was quite low.
Under single photoelectron counting at a rate of 100 KHz, afterpulses were detected in the time range of 19-20 ns at a count rate of 140-280 cps after the main output pulses in all three tubes, in other words about one afterpulse for 500 main pulses. Afterpulses were also detected in the time ranges of 620-650 ns and a 2-4 ps. The afterpulsing count rate in these time ranges was below 100 cps, or less than one afterpulse per thousand main pulses.
The same behavior was observed when three photoelectron pulses were used at a rate of 10 KHz. One out of the three photomultipliers was excessively noisy that afterpulsing could not be measurable beyond the 150 ns time range. No afterpulse was detected beyond 4.5 ps up to 80 ps. Figure 13 shows a time distribution of output pulses in the time interval 0 -150 ns after the main photomultiplier pulse under a 100 KHz single photoelectron counting rate. The first distribution at the beginning of the spectrum is the main output pulse of the photomul ti pl i er.
The second distribution represents the afterpulses which occur 19.8 ns after the main pulse at a count rate of 254 cps. Figure 14 shows a time distribution of output pulses over the range 0.2ps-4.5vs under 100 KHz single photoelectron counting rate. The second distribution at the beginning of the spectrum represents the afterpulses which occurred at about 60 ns after the main pulse. They have a count rate less than 100 cps. The broad peak of afterpulses from 2.3ps to 3.8vs after the main photomultiplier pulse had a count rate also less than 100 cps. 
CONCLUS IONS

